Reconstitution of bacteriorhodopsin and ATP synthase from Micrococcus luteus into liposomes of the purified main tetraether lipid from Thermoplasma acidophilum: proton conductance and light-driven ATP synthesis.
The archaebacterium Thermoplasma acidophilum is cultivated at 59 degrees C in a medium containing sulfuric acid of pH 2. The purified bipolar membrane spanning main phospholipid (MPL) of this organism can be used to produce stable liposomes of 100-500 nm in diameter either using a French pressure cell detergent dialysis or sonication. Despite a potassium diffusion potential of 186 mV very low ionic permeability of sonicated MPL liposomes was measured using the potassium binding fluorescent indicator benzofuran isophthalate PBF1, which measures net K+ uptake. The latter also remained very low, in the presence of the K(+) ionophore valinomycin and palmitic acid. Addition of valinomycin and the potent uncoupler carbonylcyanid-p-trifluormehoxyphenyl-hydrazone (FCCP), led to a stimulation in potassium uptake. The rate of proton flux can be calculated from the net K(+) uptake. Under these conditions MPL liposomes are 1-2 orders of magnitude less permeable than egg yolk lecithin vesicles. The difference in proton permeability becomes even more pronounced with increasing temperature, examined using the fluorescent pH indicator pyranine. Purified bacteriorhodopsin from Halobacterium halobium was reconstituted into MPL liposomes in order to study the light-driven proton uptake in 150 mM KCl following addition of valinomycin, gramicidin, FCCP and Triton X-100. The light-driven proton transport into the liposomes was increased 30-fold by addition of valinomycin decreased by gramicidin and FCCP, and abolished by Triton X-100. Co-reconstituted MPL proteoliposomes containing bacteriorhodopsin and ATP synthase from Micrococcus luteus were capable of light-driven ATP synthesis demonstrating the functional coupling of proton transport and nucleotide generation in liposomal MPL membranes.